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5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention is related to caches and, more particularly, to evicting blocks of 
data from caches. 



10 2. Description of the Related Art 

Generally, caches are used to reduce the effective latency of memory accesses. A 
cache is a memory into which copies of data from an underlying memory are stored. 
Generally, a block of contiguous data is allocated/deallocated from the cache as a unit 
(i.e. a cache block is the smallest unit of allocation/deallocation of storage space in the 

15 cache). The term cache line is also frequently used as a synonym for cache block. The 
cache typically has a latency less than that of the underlying memory, and thus accesses 
for which the corresponding data is stored in the cache may occur with a lower latency 
than accesses to the underlying memory. Thus, the average latency of memory accesses 
may be less than the latency of the underlying memory. 

20 Caches attempt to store the most recently accessed blocks and/or the most 

frequently accessed blocks. In some cases, prefetch strategies are employed to 
speculatively load blocks which may be accessed in the future into the cache. However, 
since caches are usually significantly smaller in capacity than the underlying memory, 
data for an access may not be stored in the cache when the access occurs (referred to as a 

25 cache miss, or simply a miss). When a cache miss occurs, the missing cache block is 
generally loaded into the cache. Since the cache has a finite capacity, in many cases a 
valid cache block in the cache is replaced by the newly loaded cache block. If the cache 
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block being replaced (referred to as the evicted cache block or the victim cache block) is 
modified with respect to the copy stored in memory, the evicted cache block is read from 
the memory before replacement by the newly loaded cache block. The evicted cache 
block may then be written back to memory. 

5 Unfortunately, the hardware for reading the evicted cache block from the cache 

for writing back to memory may impact the amount of time for performing accesses. 
Typically, such hardware must be integrated into the hardware for performing cache 
accesses. Since cache accesses are often the critical timing path in a semiconductor 
device, increasing the path length may negatively impact the overall operating frequency 

10 of the device. Alternatively, the critical path may have to be pipelined, which may reduce 
the performance of the device. 
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SUMMARY OF THE INVENTION 

A cache is configured to select a cache block for eviction in response to detecting 
a cache miss. The cache transmits the address of the cache block as a write transaction on 
an interface to the cache, and the cache captures the address from the interface and reads 

5 the cache block from the cache memory in response to the address. The read may occur 
similar to other reads in the cache, detecting a hit in the cache (in the cache storage 
location from which the cache block is being evicted). In this manner, the eviction may 
be provided for without additional hardware (e.g. an added port, or another path to the 
same port) for supporting the eviction. Thus, the timing of the path may not be impacted 

10 to perform evictions. The path through the cache for accesses from other agents and for 
evictions may be the same. 

Using the initiating of the write transaction to write the evicted cache block to 
memory to read the evicted cache block from the cache may be viewed as effectively 
creating a break in the requests to the cache for reading the evicted cache block from the 

15 cache. The write transaction is initiated before the corresponding data is available for 
transfer, and the use of the bus bandwidth to initiate the transaction provides an open 
access time into the cache for reading the evicted cache block. Viewed in another way, 
the access to the cache to read the evicted cache block may be effectively free, reusing the 
hardware already used to perform cache accesses for transactions initiated by other 

20 agents. 

Broadly speaking, an apparatus is contemplated comprising an interface and cache 
coupled thereto. The cache is configured to transmit an address of a cache block to be 
evicted from the cache on the interface. The cache includes a memory configured to store 
a plurality of cache blocks including the cache block, and the memory is coupled to 
25 receive the address from the interface. The memory is configured to access the cache 
block in response to the address for transmission on the interface. 

Additionally, a cache is contemplated comprising a memory configured to store a 
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plurality of cache blocks and a control circuit. The control* circuit is configured to 
transmit an address of a cache block to be evicted from the cache on an interface to which 
the cache is couplable. The memory is coupled to receive the address from the interface 
and is configured to access the cache block in response to the address for transmission on 
5 the interface. 

Moreover, a method is contemplated. A cache transmits an address of a cache 
block to be evicted from the cache on an interface. In response to the transmitting, the 
cache block is read from a data memory of the cache for transmission on the interface. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The following detailed description makes reference to the accompanying 
drawings, which are now briefly described. 

Fig. 1 is a block diagram of one embodiment of a system. 
Fig. 2 is a block diagram of one embodiment of a cache shown in Fig. 1. 
Fig. 3 is a flowchart illustrating operation of one embodiment of a control circuit 
shown in Fig. 2. 

Fig. 4 is a timing diagram illustrating operation of one embodiment of the cache 
shown in Fig. 2 for a set of exemplary transactions. 

Fig. 5 is a block diagram of a carrier medium. 

While the invention is susceptible to various modifications and alternative forms, 
specific embodiments thereof are shown by way of example in the drawings and will 
herein be described in detail. It should be understood, however, that the drawings and 
15 detailed description thereto are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all modifications, equivalents and 
alternatives falling within the spirit and scope of the present invention as defined by the 
appended claims. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Overview 

Turning now to Fig, 1 , a block diagram of one embodiment of a system 1 0 is 
shown. Other embodiments are possible and contemplated. In the embodiment of Fig. 1 , 

5 the system 10 includes processors 12A-12B, an L2 cache 14, a memory controller 16, a 
pair of input/output (I/O) bridges 20A-20B, and I/O interfaces 22A-22D. The system 10 
may include a bus 24 for interconnecting the various components of the system 10. More 
particularly, as illustrated in Fig. 1, the bus 24 may include arbitration lines 28, an address 
bus 30, response lines 32, a data bus 34, and a clock line or lines 36. As illustrated in Fig. 

10 1, each of the processors 12A-12B, the L2 cache 14, the memory controller 16, and the 
I/O bridges 20A-20B are coupled to bus 24. Thus, each of the processors 12A-12B, the 
L2 cache 14, the memory controller 16, and the I/O bridges 20A-20B may be an agent on 
the bus 24 for the illustrated embodiment. More particularly, each agent may be coupled 
to the clock line(s) 36 and to the conductors within the bus 24 that carry signals which 

15 that agent may sample and/or drive. The I/O bridge 20 A is coupled to the I/O interfaces 
22 A-22B, and the I/O bridge 20B is coupled to the I/O interfaces 22C-22D. The L2 
cache 14 is coupled to the memory controller 16, which is further coupled to a memory 
26. 

The bus 24 may be a split transaction bus in the illustrated embodiment. A split 
20 transaction bus splits the address and data portions of each transaction and allows the 
address portion (referred to as the address phase) and the data portion (referred to as the 
data phase) to proceed independently. In the illustrated embodiment, the address bus 30 
and the data bus 34 are independently arbitrated for (using signals on the arbitration lines 
28). Each transaction including both address and data thus includes an arbitration for the 
25 address bus 30, an address phase on the address bus 30, an arbitration for the data bus 34, 
and a data phase on the data bus 34. Additionally, coherent transactions may include a 
response phase on the response lines 32 for communicating coherency information after 
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the address phase. The bus clock signal CLK on clock line(s) 36 defines the clock cycle 
for the bus 24. 

The bus 24 may be pipelined. The bus 24 may employ any suitable signalling 
technique. For example, in one embodiment, differential signalling may be used for high 
5 speed signal transmission. Other embodiments may employ any other signalling 
technique (e.g. TTL, CMOS, GTL, HSTL, etc.). 

The processors 12A-12B may be designed to any instruction set architecture, and 
may execute programs written to that instruction set architecture. Exemplary instruction 
set architectures may include the MIPS instruction set architecture (including the MIPS- 
10 3D and MIPS MDMX application specific extensions), the IA-32 or IA-64 instruction set 
architectures developed by Intel Corp., the PowerPC instruction set architecture, the 
Alpha instruction set architecture, the ARM instruction set architecture, or any other 
instruction set architecture. 

The L2 cache 14 is a high speed cache memory. The L2 cache 14 is referred to as 
15 "L2" since the processors 12A-12B may employ internal level 1 ("LI") caches. If LI 

caches are not included in the processors 12A-12B, the L2 cache 14 may be an LI cache. 
Furthermore, if multiple levels of caching are included in the processors 12A-12B, L2 
cache 14 may be an outer level cache than L2. The L2 cache 14 may employ any 
organization, including direct mapped, set associative, and fully associative organizations. 
20 In one particular implementation, the L2 cache 14 may be a 512 kilobyte, 4 way set 

associative cache having 32 byte blocks. A set associative cache is a cache arranged into 
multiple sets, each set comprising two or more cache storage locations. A portion of the 
address (the "index") is used to select one of the sets (i.e. each encoding of the index 
selects a different set). The cache storage locations in the selected set are eligible to store 
25 the cache block addressed by the address. Each of the entries within the set is referred to 
as a "way" of the set. The portion of the address remaining after removing the index (and 
the offset within the cache block) is referred to as the "tag", and is stored in each cache 



7 



Docket No.: BP1833CON 



storage location to identify the cache block in that cache storage location. The stored tags 
are compared to the corresponding tag portion of the address of a memory transaction to 
determine if the memory transaction hits or misses in the cache, and is used to select the 
way in which the hit is detected (if a hit is detected). 
5 The memory controller 16 is configured to access the memory 26 in response to 

memory transactions received on the bus 24. The memory controller 16 receives a hit 
signal from the L2 cache 14, and if a hit is detected in the L2 cache 14 for a memory 
transaction, the memory controller 16 does not respond to that memory transaction. If a 
miss is detected by the L2 cache 14, or the memory transaction is non-cacheable, the 

10 memory controller 16 may access the memory 26 to perform the read or write operation. 
The memory controller 1 6 may be designed to access any of a variety of types of memory. 
For example, the memory controller 16 may be designed for synchronous dynamic 
random access memory (SDRAM), and more particularly double data rate (DDR) 
SDRAM. Alternatively, the memory controller 16 may be designed for DRAM, Rambus 

15 DRAM (RDRAM), SRAM, or any other suitable memory device. 

The I/O bridges 20A-20B link one or more I/O interfaces (e.g. the I/O interfaces 
22A-22B for the I/O bridge 20A and the I/O interfaces 22C-22D for the I/O bridge 20B) 
to the bus 24. The I/O bridges 20A-20B may serve to reduce the electrical loading on the 
bus 24 if more than one I/O interface 22A-22B is bridged by that I/O bridge. Generally, 

20 the I/O bridge 20A performs transactions on the bus 24 on behalf of the I/O interfaces 
22A-22B and relays transactions targeted at an I/O interface 22A-22B from the bus 24 to 
that I/O interface 22A-22B. Similarly, the I/O bridge 20B generally performs transactions 
on the bus 24 on behalf of the I/O interfaces 22C-22D and relays transactions targeted at 
an I/O interface 22C-22D from the bus 24 to that I/O interface 22C-22D. In one 

25 implementation, the I/O bridge 20A may be a bridge to a PCI interface (e.g. the I/O 
interface 22A) and to a Lightning Data Transport (LDT) I/O fabric developed by 
Advanced Micro Devices, Inc. (e.g. the I/O interface 22B). Other I/O interfaces may be 
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bridged by the I/O bridge 20B. Other implementations may bridge any combination of 
I/O interfaces using any combination of I/O bridges. The I/O interfaces 22A-22D may 
include one or more serial interfaces, Personal Computer Memory Card International 
Association (PCMCIA) interfaces, Ethernet interfaces (e.g. media access control level 

5 interfaces), Peripheral Component Interconnect (PCI) interfaces, LDT interfaces, etc. 

It is noted that the system 10 (and more particularly the processors 12A-12B, the 
L2 cache 14, the memory controller 16, the I/O interfaces 22A-22D, the I/O bridges 20A- 
20B and the bus 24) may be integrated onto a single integrated circuit as a system on a 
chip configuration. In another configuration, the memory 26 may be integrated as well. 

10 Alternatively, one or more of the components may be implemented as separate integrated 
circuits, or all components may be separate integrated circuits, as desired. Any level of 
integration may be used. 

It is noted that, while the illustrated embodiment employs a split transaction bus 
with separate arbitration for the address and data buses, other embodiments may employ 

15 non-split transaction buses arbitrated with a single arbitration for address and data and/or 
a split transaction bus in which the data bus is not explicitly arbitrated. Either a central 
arbitration scheme or a distributed arbitration scheme may be used, according to design 
choice. 

It is noted that, while Fig. 1 illustrates the I/O interfaces 22A-22D coupled 
20 through the I/O bridges 20A-20B to the bus 24, other embodiments may include one or 
more I/O interfaces directly coupled to the bus 24, if desired. Furthermore, embodiments 
in which one processor 12A or more than two processors are included are contemplated. 

Cache 

25 Turning now to Fig. 2, a block diagram of one embodiment of the L2 cache 14 is 

shown. Other embodiments are possible and contemplated. In the embodiment of Fig. 2, 
the L2 cache 14 includes a tag memory 40, a data memory 42, a set of comparators 44, a 
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control circuit 46, a data buffer 48, an evict buffer 50, a multiplexor (mux) 52, and 
input/output circuits 54A-54F. Also illustrated in Fig. 2 is a portion of the bus 24 as 
shown in Fig. 1 . Particularly, the arbitration lines 28, the address bus 30 5 the response 
lines 32, and the data bus 34 are shown. The tag memory 40, the data memory 42, and 
5 the comparators 44 are each coupled to the address in (AIn) circuit 54B. The data 
memory 32 is coupled to the data in (Din) circuit 54F and the data buffer 48, which is 
further coupled to the control circuit 46 and the data out (DOut) circuit 54E. The control 
circuit 46 is coupled to the tag memory 40 and the data memory 42, and is further coupled 
to the control in (CTLIn) and control out (CTLOut) circuits 54C and 54D. Additionally, 

10 the control circuit is coupled to the comparators 44, the evict buffer 50, and the mux 52. 
Each of the comparators 44 is further coupled to the tag memory 40, which is further 
coupled to the mux 52. The mux 52 is coupled to the evict buffer 50, which is further 
coupled to the address out (AOut) circuit 54A. The AOut circuit 54A and the AIn circuit 
54B are coupled to the address portion of the address bus 30. The CTLOut and CTLIn 

15 circuits 54C and 54D are coupled to the control signal portions of the address bus 28 and 
the data bus 34, as well as to the arbitration lines 28 and the response lines 32. The DOut 
and Din interfaces are coupled to the data portion of the data bus 34. 

Generally, the tag memory 40 stores the tag information for each cache storage 
location in the L2 cache 14, and the data memory 42 stores the cache block of data for 

20 each cache storage location in the L2 cache 14. Thus, a cache storage location comprises 
a tag memory storage location and a data memory storage location in this embodiment. 
For example, a set of four tags T0-T3 are illustrated in the tag memory 40 in Fig. 2, and a 
corresponding set of four cache blocks D0-D3 are illustrated in the data memory 42 in 
Fig. 2. Other embodiments may have more or fewer ways in a set, as desired. The tag 

25 memory storage location stores the tag for the cache storage location (and possibly other 
information, such as validity and dirty information). For example, in one 
implementation, the tag information for a cache storage location includes the tag portion 
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of the address, a valid bit indicating the validity or lack of validity of the cache storage 
location, and a dirty bit indicating the dirty or clean state of the cache block. A cache 
block is dirty if at least one byte of the cache block has been modified and the 
modification has not been written to the memory 26. The data memory storage location 

5 stores the cache block of data in the cache storage location. 

The index portion of the address of a transaction is provided to the tag memory 40 
and the data memory 42. Each memory selects a set of storage locations in response to 
the index. The tag memory 40 outputs the tag from each selected storage location to the 
comparators 44 (e.g. T0-T3 in Fig. 2), which compare the tags to the tag portion of the 

10 address. If the tag compares equally, and the cache storage location is valid, the 

corresponding comparator 44 may signal a hit to the control circuit 46 (or the control 
circuit 46 may qualify the signals from the comparators 44 with whether or not the 
corresponding cache storage locations are valid). The control circuit 46 may assert the hit 
signal (not shown in Fig. 2) to the memory controller 16 if any of the comparators 44 

1 5 indicates a hit, and may determine a way selection from the output of comparators 44 as 
well. Each comparator 44 is comparing the tag from a different way of the L2 cache 14, 
and thus the comparator output indicating a hit is an indication of the hitting way. The 
control circuit 46 provides the way selection to the tag memory 40 and the data memory 
42. 

20 The data memory 42 provides data from the storage location at the selected index 

and way, or receives data into that storage location, depending upon whether the 
transaction is a read transaction or a write transaction. The control circuit 46 receives the 
control information corresponding to the transaction (e.g. through the CTLIn circuit 54D), 
and generates control signals for the data memory 42 and the tag memory 40. The control 

25 signals may include, for example, an enable signal and a read/write signal to indicate 
whether the memory is to read or write. If the data is being provided from the data 
memory 42 (e.g. for a read transaction or for an evicted cache block, as described in more 
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detail below), the data may be queued in the data buffer 48 for transmission on the bus 24 
during the data phase of the transaction. 

The tag memory 40 may be updated in response to the transaction as well. For 
example, if the transaction is a write, the dirty bit in the hitting entry may be updated. It 
5 is noted that tag updates may not occur in the same clock cycle that the L2 cache 14 is 
accessed to determine the hit/miss of the input address, in some embodiments. 

If the transaction is a miss in the L2 cache 14 and is cacheable, the control circuit 
46 may select a way for eviction to receive a line fill of the missing cache block. Any 
replacement scheme may be used to select the way (e.g. least recently used (LRU), 
10 random selection, etc.). If the cache block stored in the selected way is dirty, then the 

cache block is written to the memory 26 to record the update. In this case, the tags output 
from the tag memory 40 are supplied to the mux 52, and the control circuit 46 provides 
selection control signals to the mux 52 to select the tag corresponding to the selected way. 
The selected tag (plus the index portion of the address) is stored in the evict buffer 50. 
1 5 The corresponding cache block may remain stored in the data memory 42 at this time. 

The evict buffer 50 comprises one or more entries for storing addresses of cache 
blocks selected for eviction. If one or more addresses are stored in the evict buffer 50, the 
control circuit 46 may arbitrate (using the arbitration lines 28) for the address bus 30. 
Once the address bus 30 is granted to the L2 cache 14, the control circuit 46 may cause 
20 the address from the evict buffer 50 to be driven on the address bus 30 as a write 
transaction (e.g. through the AOut circuit 54A and CTLOut circuit 54C). 

The L2 cache 14, like other agents on the bus 24, may sample the addresses driven 
during the address phases of transactions. Similarly, when the L2 cache 14 drives the 
address of the cache block selected for eviction, the L2 cache 14 may sample the address 
25 (e.g. in the AIn circuit 54B). The index portion of the address is provided to the tag 
memory 40 and the data memory 42 using the same input path that is used for other 
transactions. The comparators 44 compare the tag portion of the address to the tags from 
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the tag memory 40 and detect a hit in the way selected for eviction. The control circuit 46 
detects that the write transaction is writing the evicted cache block to memory, and treats 
the transaction as a read (e.g. the control signals provided by the control circuit 46 to the 
data memory 42 and the tag memory 40 may indicate that the operation is a read). 
5 Accordingly, the data memory 42 outputs the evicted cache block. The evicted cache 
block may be stored in the data buffer 48 until the data phase of the write transaction 
occurs, and then the data may be transferred on the data bus 34. 

The data buffer 48 may comprise one or more entries, each entry configured to 
store a cache block. The data buffer 48 may be used to store evicted cache blocks read 
10 from the data memory 42 until the data phase of the corresponding write transaction. The 
data buffer may also be used to store cache blocks corresponding to read transactions 
which hit in the L2 cache 14, again until the data phase of the corresponding read 
transaction. 

The tag of the evicted cache block is invalidated as well, to indicate that the 
15 evicted cache block is no longer stored in the L2 cache 14. The invalidation may occur in 
a variety of ways. For example, in one embodiment, the tag is overwritten with the tag 
corresponding to the missing cache block when the fill occurs. In other embodiments, the 
tag could be invalidated during the read of the evicted cache block from the data memory 
42. 

20 Since the evicted cache block is read from the data memory 42 in response to a 

transaction on the bus 24 (specifically, the write transaction to transfer the data to 
memory), the reading of the evicted cache block may not impact the timing of the path 
through the cache for cache accesses. The same path used to access the cache (e.g. for 
read and write transactions initiated by other agents) may be used to access the cache for 

25 reading the evicted cache block. 

Using the initiating of the write transaction to write the evicted cache block to 
memory to read the evicted cache block from the data memory 42 may be viewed as 
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effectively creating a break in the requests to the L2 cache 14 for reading the evicted 
cache block from the data memory 42. The write transaction is initiated before the 
corresponding data is available for transfer, and the use of the bus bandwidth to initiate 
the transaction provides an open access time into the L2 cache 14 for reading the evicted 
5 cache block. Viewed in another way, the access to the cache to read the evicted cache 
. block may be effectively free, reusing the hardware already used to perform cache 
accesses for transactions initiated by other agents. A small amount of circuitry in control 
circuit 46 may be used to read the cache block during the write transaction. 

It is noted that, since reading the evicted cache block from the data memory 42 is 

10 delayed from selection of the cache block for eviction, a mechanism may be employed to 
ensure that the evicted cache block is not overwritten prior to reading evicted cache 
block. For example, the L2 cache 14 may be given priority arbitration on the bus 24 to 
perform eviction write transactions, thus ensuring that the block is read shortly after being 
selected. Alternatively, a data buffer similar to data buffer 48 may be provided to buffer 

15 input (fill) data until the underlying evicted cache block has been read. 

The I/O circuits 54A-54F illustrated in Fig. 2 may generally be used to handle 
input/output of the L2 cache 14 with regard to the bus 24. Specifically, each of the output 
circuits 54A, 54C, and 54E may include circuitry for properly driving signals on the bus 
24. For example, the output circuits may include driver circuits for driving the signal 

20 lines. Furthermore, in one embodiment, the bus 24 may use differential signalling. The 
output circuits 54A, 54C, and 54E may convert the non-differential internal data of the L2 
cache 14 into differential signalling on the bus 24. The output circuits 54 A, 54C, and 
54E may be controlled by control circuit 46 to output signals at appropriate times (e.g. via 
enable signals, not shown). Similarly, the input circuits 54B, 54D, and 54F may include 

25 clocked storage devices (register, flops, latches, etc.) for sampling the bus 24. The input 
circuits may also convert the differential signalling to non-differential internal data. It is 
noted that the circuits 54A-54F may be optional, depending on the internal organization 
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of the L2 cache 14, the protocol and signalling of the bus 24, etc. Alternatively, the 
circuitry may be integrated into other parts of the L2 cache 14. 

It is noted that, while the tags memory 40 and the data memory 42 are illustrated 
separately in Fig. 2, these memories may be integrated if desired. Generally, the tags 
5 memory 40 and the data memory 42 may form a memory for storing tags and 

corresponding cache blocks, whether the memory is divided into portions as illustrated or 
is a single integrated memory. As used herein, a cache storage location is a storage 
location for storing one cache block and associated tag information. 

It is noted that, while the embodiment described above is a set associative 

10 embodiment, other embodiments may employ any organization, as desired. Depending 
on the organization, one or more cache storage locations of the cache may be eligible to 
store a cache block. A cache storage location is eligible to store a cache block if the 
cache storage location is searched by the cache when the address of the cache block is 
presented to the cache. For example, in a set associative embodiment, the cache storage 

15 locations included in the set indexed by the address are eligible to store the cache block. 
In a direct-mapped embodiment, the one cache block indexed by the address is eligible to 
store the cache block. In a fully associative embodiment, each cache storage location is 
eligible to store the cache block. 

It is noted that the L2 cache 1 4 may monitor and/or provide response information 

20 on the response lines 32 in various embodiments. For example, in one embodiment, a 
response from an agent may indicate that the agent will provide the data for the 
transaction. The L2 cache 14 may detect such a response and cancel providing data for 
the transaction if the transaction is a hit. Transactions which are a miss and which 
receive the response may be cancelled (and the replacement of the evicted cache block 

25 may be cancelled) or may continue, as desired. 

While the above description has referred to an embodiment coupled to a bus, 
generally, various embodiments may be coupled to an interface. Generally, an interface is 
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a mechanism for communication between devices. A bus may be an example of an 
interface. Additionally, interfaces may be packet-based interfaces. Furthermore, caches 
having interfaces directly to other circuitry (e.g. LI caches inside the processors 12A- 
12B) may employ the above described features. A transaction is a communication on the 

5 interface. The transaction may include an address transfer and optionally a data transfer. 
Transactions may be read transactions (transfers of data from a responder to the 
requestor) and write transactions (transfers of data from the requestor to the responder). 
Transactions may further include various coherency commands which may or may not 
involve a transfer of data. 

10 It is noted that the term eviction is used herein to refer to the removing of a cache 

block from the cache. The term replacement may also be used synonymously with the 
term eviction. 

Turning next to Fig. 3, a flowchart is shown illustrating the operation of one 
embodiment of the L2 cache 14 (more specifically, the control circuit 46 for the 

15 embodiment shown in Fig. 2) in response to sampling an address from the address bus 30. 
Other embodiments are possible and contemplated. While the blocks shown in Fig. 3 are 
illustrated in a particular order for ease of understanding, any order may be used. 
Furthermore, blocks may be performed in parallel by the combinatorial logic circuitry 
within the L2 cache 14 (e.g. decision blocks 60 and 62 are independent and may be 

20 performed in parallel). Still further, blocks may be performed in different clock cycles or 
the same clock cycle, as desired. 

The L2 cache 1 4 determines if the sampled address is an address driven by the L2 
cache 14 for an eviction write to memory (decision block 60). The L2 cache 14 may 
make the determination in any desired way. For example, circuitry within the L2 cache 

25 14 may be in a state indicating that the address was driven by the L2 cache 14 (e.g. 
circuitry responsible for driving the address may be in a particular state). In one 
embodiment, a tag is driven with the address (to be used to match the address phase with 
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the data phase). The tag includes a portion indicating the source of the transaction. The 
L2 cache 14 could examine the sampled tag and detect that the tag indicates that the L2 
cache 14 is the source. In yet another alternative, the encoding of the transaction on the 
bus 24 could indicate that it is a write corresponding to an L2 cache eviction. If the 

5 sampled address is an address corresponding to an eviction, the L2 cache 14 may treat the 
sampled address as a read. More particularly, the L2 cache 14 may read the 
corresponding cache block out of the data memory 42 and queue the block in the data 
buffer 48 (blocks 64 and 66). 

L2 cache 14 also determines if the sampled address is a miss in the L2 cache 14 

10 (decision block 62). If the sampled address is a hit, the L2 cache 14 may read the data 
from the hitting way of the data memory 42 (for a read) or update the hitting way with the 
data (for a write) (block 68). It is noted that the data for a write may not be available for 
update when the address is presented on the bus 24. Accordingly, the update of the 
hitting way of the data memory 42 may be delayed with respect to the check for a hit. In 

15 one embodiment, for example, the L2 cache 14 may include a request queue in which 

addresses are queued. Writes may remain queued (with information indicating the hitting 
way) until the data is provided, and then the data may be written to the hitting way. 
Alternatively, a receiving data buffer may be provided and an entry in the receiving data 
buffer may be allocated in response to the write. The information indicating the hitting 

20 way and the index may be stored in the allocated entry. 

If the sampled address is a miss in the L2 cache 14, the L2 cache 14 may select 
one of the ways for eviction (block 70). If the cache block in the selected way is dirty 
(i.e. modified with respect to the copy stored in the memory 26 -- decision block 72), the 
L2 cache 14 may queue the address from the selected way in the evict buffer 50 (block 

25 74). If the cache block is not dirty, then a write of the evicted cache block is not needed 
and the evicted cache block may be overwritten by the fill data. It is noted that, in the 
case of a miss, one embodiment may retain the transactions in a queue with information 
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indicating the way selected for replacement until the data corresponding to the missing 
transaction is captured for writing into the data memory 42. Alternatively, a receiving 
data buffer may be used as described above, with the information indicating the way 
selected for replacement being stored instead of the hitting way. 
5 It is noted that, in addition to the operation described above with regard to Fig. 3, 

the L2 cache 14 may generally have other operation with regard to sampled addresses. 
Furthermore, the L2 cache 14 may be configured to arbitrate for the address bus if an 
address is stored in the evict buffer 50, and may be configured to arbitrate for the data bus 
to transfer the evicted cache block to the memory 26. Furthermore, the L2 cache 14 may 

1 0 transfer data for a read transaction that hits in the L2 cache 1 4. 

Turning now to Fig. 4, a timing diagram illustrating operation of the L2 cache 14 
for a set of exemplary transactions is shown. In the example of Fig. 4, several clock 
cycles of the clock signal CLK corresponding to the bus 24 is shown. Each clock cycle is 
labeled (CLKO, CLK1, CLK2, CLK3, and CLK4). Vertical lines delimit the high and low 

1 5 phases of each clock cycle. Address phases are illustrated horizontally across from the 
"Addr" label, and certain internal operations of the L2 cache 14 are illustrated below and 
linked by arrows to the address phase that generates the internal operation. Additionally, 
a data phase is illustrated horizontally across from the "Data" label. 

For the example of Fig. 4, signals on the bus 24 are driven responsive to the rising 

20 edge of the clock signal CLK and sampled responsive to the falling edge of the clock 

signal CLK. Other embodiments may reverse the edges used for driving and sampling, or 
may sample and drive responsive to the same edge of the clock signal CLK. The bus may 
be precharged during the time period between the falling edge and the next rising edge. 
In clock cycle CLKO, an agent initiates a transaction to address A (reference 

25 numeral 80). The L2 cache 14 samples the address A responsive to the falling edge of the 
clock signal CLK. During the low phase of clock cycle CLKO, the L2 cache 14 looks up 
the address A (reference numeral 82). The L2 cache 14 detects a miss for the address A, 
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and thus selects a way for eviction. The cache block in the selected way is dirty in this 
example, and thus a write transaction to transfer the evicted cache block back to the 
memory 26 is to be performed by the L2 cache 14. An address B corresponding to the 
evicted cache block is queued in the evict buffer 50 (reference numeral 84). It is noted 

5 that the queuing of the address B may extend into the high phase of the next clock cycle, 
if desired. The L2 cache 14 begins arbitrating for the bus 24 to perform the write 
transaction for the eviction. 

During clock cycles CLK1 and CLK2, agents initiate transactions to addresses C 
and D, respectively (reference numerals 86 and 88). In response to each transaction, the 

10 L2 cache 14 looks up the addresses (and detects hits in this example - reference numerals 
90 and 92). 

The L2 cache 14 wins arbitration for the bus 24. In response, the L2 cache 14 
transmits the address B as a write transaction on the address bus 30 (reference numeral 
94) during clock cycle CLK3. Thus, bandwidth in the L2 cache has been freed to read the 

15 evicted cache block from the data memory 42. During the time that a lookup occurs for 
other transactions, the L2 cache 14 reads the evicted cache block corresponding to 
address B (reference numeral 96). Again, the read of the evicted cache block may be 
accomplished by treating the write transaction as a read in the L2 cache 14. 

Finally, an additional transaction to address E and a corresponding lookup in the 

20 L2 cache for address E are shown in clock cycle CLK4 (reference numerals 98 and 100). 
Additionally, a data phase for the write transaction to address B is illustrated during clock 
cycle CLK4 (reference numeral 102). The data phase for the write transaction may occur 
in a later clock cycle as well, depending upon when the L2 cache 14 arbitrates for and 
wins arbitration for the data bus. 

25 Turning next to Fig. 5, a block diagram of a carrier medium 300 including a 

database representative of system 10 is shown. Generally speaking, a carrier medium 
may include storage media such as magnetic or optical media, e.g., disk or CD-ROM, 
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volatile or non-volatile memory media such as RAM (e.g. SDRAM, RDRAM, SRAM, 
etc.), ROM, etc., as well as transmission media or signals such as electrical, 
electromagnetic, or digital signals, conveyed via a communication medium such as a 
network and/or a wireless link. 
5 Generally, the database of system 10 carried on carrier medium 300 may be a 

database which can be read by a program and used, directly or indirectly, to fabricate the 
hardware comprising system 10. For example, the database may be a behavioral-level 
description or register-transfer level (RTL) description of the hardware functionality in a 
high level design language (HDL) such as Verilog or VHDL. The description may be 

10 read by a synthesis tool which may synthesize the description to produce a netlist 

comprising a list of gates from a synthesis library. The netlist comprises a set of gates 
which also represent the functionality of the hardware comprising system 10. The netlist 
may then be placed and routed to produce a data set describing geometric shapes to be 
applied to masks. The masks may then be used in various semiconductor fabrication 

15 steps to produce a semiconductor circuit or circuits corresponding to system 10. 

Alternatively, the database on carrier medium 300 may be the netlist (with or without the 
synthesis library) or the data set, as desired. 

While carrier medium 300 carries a representation of system 10, other 
embodiments may carry a representation of any portion of system 1 0, as desired, 

20 including any set of a cache (e.g. the L2 cache 14) or a portion thereof (e.g. one or more 
of a tag memory, data memory, control circuitry, evict buffer, data buffer, interface 
circuitry, etc.), bus 24, etc. 

Numerous variations and modifications will become apparent to those skilled in 
the art once the above disclosure is fully appreciated. It is intended that the following 

25 claims be interpreted to embrace all such variations and modifications. 
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